permeability; cell volume; nonelectrolytes; cell water THE PHYSIOLOGY LABORATORY is a welcome diversion for student and teacher alike. Teachers have the opportunity to introduce their students to the acquisition and analysis of data and the formulation of hypotheses. Students have a chance to get away from the boredom of the lecture hall and the interminable delivery of facts. Nevertheless the physiology laboratory is seeing hard times because the acquisition of meaningful data is expensive and time consuming. Students complain that it takes too long to get the facts that they think they already know.
In cell physiology, we have gotten around these objections by using the computer both for data acquisition and analysis. One program is called CELL.BA. The program solves the equations of Kedem and Katchalsky (1) that are necessary to describe what happens when cells are suspended in isosmotic, hyposmotic, and hyperosmotic solutions of impermeant solutes, permeant solutes, or combinations of the two. The teacher converts the program into an experimental cell by entering into the body of the program values for the following attributes of the cell: volume of cell water, volume of osmotically inactive material, the osmolal concentration of impermeant solute, and the permeability of the plasma membrane to water and to a particular nonelectrolyte. When the listing is saved as a protected document, the program becomes a cell whose characteristics are unknown to the student at first but which may be evaluated by experiment. Students then have the task of choosing experiments that will help them to identify the unknown parameters. Students may suspend the cells in different solutions of impermeant solutes, permeant solutes, or combinations of the two or they may preequilibrate the cells with the permeant solute before suspending them in a new medium. Students have the same options as experimental scientists who want to understand the osmotic activity of a particular population of cells.
Having chosen the experimental medium, students run the experiment and collect computer values for cell volume and the osmolality of permeant solute as a function of time and store them in a file called CELL. They are doing a laboratory experiment with no errors in technique or measurement with the computer. Our graduate students have had a thorough grounding in the equations of Kedem and Katchalsky (l), and this computer exercise gives them a chance to manipulate the important components of the equations to fit experimental data without laborious hand calculations. We give them a disk with CELL.BA and PERMEABILITY LAB.BA on it and send them off to work out the parameters on their own.
Formal laboratories for our students in the health professions require that we simplify the procedure. In their lectures, they have been introduced to the Boylevan't Hoff relation governing the response of cell volume to hyposmotic and hyperosmotic concentrations of impermeant solutes. They also have been taught in qualitative and descriptive terms the difference between an isosmotic medium and an isotonic medium and the importance of knowing the concentrations of impermeant and permeant solutes in the medium. We choose a set of experiments for them similar to those that they were given in lecture that illustrate these points. The data from the experiments are stored in CELL and are ready for use in the program PERMEABILITY LAB.BA. We also provide an illustration of the experimental data in their laboratory manual along with a model parameter list and a suggested strategy (Fig. 1) . All the information necessary to predict the cell parameters is in the data. With a little thought and a suggested strategy, the pa- based on the factors chosen. We will know that we have the correct factors for the cells when our model predictions agree with the experimental measurements.
rameters may be deduced within the 90 min that are set aside for this laboratory. An example of one such laboratory is illustrated below. It is taken from their laboratory manual. The graph and the parameter list also appears on the monitor screen during the running of the program. Students are encouraged to plan their strategy We would like to avoid trial and error as much as possible, so it may be useful to think about what is going on. Here is a strategy that you may find useful.
Suggested Strategy 1) Estimate
cell impermeant solute (parameter 6) from experimental data as follows. The osmolality of the isosmotic medium in which the volume of the cells remains constant throughout the experiment is osmolal. The osmolality inside the cell, therefore, must ~ the osmolality in the medium.
The osmolality inside the cell then must be osmolal. before coming to the laboratory.
2) Estimate cell osmotically inactive volume (paramThis example is only one of many that the teacher eter 5) from experimental data as follows. may devise. By changing the parameters in CELL.BA, The osmolality of the hyperosmotic medium in which teachers may create whatever kind of cell they wish. the cells lost water and decreased in volume was ~ Similarly, they may design a variety of different experiosmolal. mental protocols for the student to use to determine the The ratio (R) of the osmolality of the isosmotic meparameters.
However, these students, unlike the gradudium to the osmolality of the hyperosmotic medium was ate students, will be given only these protocols. The experimental data must be unambiguous and capable of The volume of the cells in the isosmotic medium (Vi) providing answers to all the cell parameters.
The design was pm3. of the protocol can be as challenging to the teacher as it
The volume of the cells in the hyperosmotic medium is to the student. inactive material, the concentration of impermeant solcell water = cell volume utes in the cells and in the medium, the concentrations -of permeant solutes in the cells and in the medium, and volume of osmotically inactive material the permeability of the cell membrane to water and to 4) Find the permeability of the cell membrane to solutes. As you go about manipulating values for these water (parameter 8) by trial and error. Make an overfactors so that they will fit the experimental data, you estimate and then an underestimate. Choose a value in will be able to judge how each factor contributes to the between and narrow it down by this technique. response of the cells to changes in the osmolality and 5) Find the permeability of the cell membrane to the composition of their environment. permeant solute (parameter 12) by trial and error. You 3) Variable to plot. Enter V for cell volume or S for osmolality of permeant solute in the cell. This option will give you a chance to use either measurements of cell volume or of permeant solute to help you find the unknown cell parameters. Remember, however, to select values for the ordinate of your graph that are appropriate for the variable chosen.
4) The program will graph the experimental data as individual dark squares. Values for the ordinate and abscissa of the graph were chosen by the instructor to start you off. You will have the opportunity to choose your own values.
5) The program will plot model changes in cell volume or cell-permeant solute concentration with time as a fine line based on a set of parameters chosen by the instructor. You will have a chance to enter your own parameter values. When the single line goes through all the points of any one of the three experimental graphs, then your choice of parameters fits the data. 6) CHANGE PARAMETERS? Y OR N. Please be sure to enter a Y or a N. The computer does not like y or n or yes or no or YES or NO. If the fine line of the model does not go through all the experimental points, you will want to answer Y so that you can change items in the parameter list. 7) If you choose Y, you will now have the opportunity to enter one or more factors that will fit one of the three experimental curves. It is important to remember that the cell parameters do not change from experiment to experiment. Therefore you may use the information from all three experiments to help you choose the right values. 8) Item 1 on the parameter list: Duration of the Experiment. May I suggest that you operate in the range between 0 and 1 min or fractions thereof. If you want to spread the time out between experimental points, use a fraction of a minute. For example 0.5 will generate 0.5 min. worth of experimental data (50 points). This procedure may be useful to get at the early part of the experimental data.
9) Most of the other items on the parameter list are self-explanatory. Please be alert to the dimensions being used for each parameter.
Bonus. Because the reflection coefficient may not have been discussed in your lectures, this value will be provided. Set the value of the reflection coefficient at 0.8.
